Abstract
Introduction

54
As a protein-rich and generally low fat food, seafood forms an important part of the human 55 diet, either because of personal taste or for nutritional reasons. However it is increasingly 56 recognised that marine fish and shellfish bio-accumulate contaminants and some species, such 57 as dabs and mussels, have been used as indicators of local pollution. In recent times marine will provide a baseline for levels in marine fish.
150
Perfluoroalkyl substances (PFAS), are a group of persistent and bio-accumulative group of 151 contaminants which include the widely studied perfluorooctane sulphonate (PFOS) and 152 perfluorooctanoic acid (PFOA). These industrial chemicals were manufactured for their non- This study aims to characterise the occurrence and spatial distribution of these contaminants in 162 commonly consumed fish species from UK proximate waters and from other proximate fishing 163 areas from which retail fish in the UK is commonly sourced. There are a number of possible 164 outputs from such a study -definition of an occurrence baseline for some hitherto unmeasured 165 contaminants, the current occurrence levels of the studied contaminants, the geographical 166 distribution of these contaminants in marine environments around the UK, risk assessment 167 arising from human dietary intake through fish consumption -some of which will be addressed 168 in this report -and it provides a baseline of evidence for GES for Descriptor 9 under the MSFD. Samples were dissected to collect edible muscle tissue excluding skin, organs and bones.
182
However whole fish were used for some of the smaller species, e.g. sprats. In general, the 183 preparation of samples was guided by domestic fish preparation procedures. Samples thus 184 prepared were minced and homogenised by blending with an aliquot set aside for PFAS 185 analysis. The remainder of the sample was lyophilised and re-homogenised to yield a dry 186 powder which was aliquoted for the other analyses.
188
Measurands
190
The following analytes were determined: Regulated contaminants are highlighted in bold. 
Analysis of dioxin-like contaminants and PBDEs
212
The analytical methodology used for the extraction, purification and instrumental measurement 213 of chlorinated, brominated and mixed halogenated dioxins/furans and biphenyls have been 214 reported previously (Fernandes et al., 2004B, 2008 (Fernandes et al., 2004B, , 2011 . Similarly, the methodology for 215 PBDE and PCN analysis has also been reported earlier (Fernandes et al., 2004B, 2010 .
216
Summarising these procedures, aliquots of the selected samples were fortified with 13 C-labelled 217 analogues of target compounds and exhaustively extracted using mixed organic solvents.
218
Extracts were fractionated on activated carbon, concentrated and purified using adsorption 219 chromatography on alumina. Measurement was carried out using high resolution gas 220 chromatography-high resolution mass spectrometry (HRGC-HRMS) at a resolution of 10,000,
221
except for the PXDD/Fs and PXBs for which 13,000-15,000 resolution was used.
222
The methodology used for the analysis has been extensively used in other studies (Fernandes 223 et al., 2008, 2009, 2009B, 2010, 2011, 2012, 2014, 2016) 
Analysis of PFAS
238
A detailed description of this procedure has been given elsewhere (Clarke et al., 2010 
244
The specificity of the measurement process for these compounds owes much to the use of LC- As would be expected from a study of this magnitude, the volume of raw data generated is very 258 large, and has been presented in a sponsor report . The results are PCBs and PCNs. This is appropriate mainly because the vast majority of measured congeners were 266 detected, so UB TEQs would be more representative, but additionally, as a theme of this work is food 267 safety, UB TEQs also reflect the higher risk limit. However a significant proportion of PBDDs were 268 not detected, so for this class of contaminants, both, UB and lower bound TEQ has been reported. 269
The reporting limits (quoted as "<") for all analytes incorporate the relevant procedural blank 270 and were estimated as a dynamic parameter following the current guidance on LOQ estimation 271 (European Commission, 2017). The resulting limits were better than those required for the 272 regulated contaminants, but for all reported contaminants, the limits were generally either 273 better than or similar to those reported in current literature.
274
It is important to note that one of the main foci of the study was food safety and the analytical 275 samples were composed of edible fish tissue, rather than the whole fish (except for smaller 276 species where the entire fish is consumed e.g. sprats). Given the physiological characteristics 277 of fish in general and the lipophilicity of the contaminants studied, the reported concentrations 278 (which exclude organs such as fish liver, in particular) are likely to be underestimates of the 279 whole fish concentrations. 
PCDD/F and PCBs
281
The PCDD/F and PCB concentrations for all the major fish species studied are summarised in 
PBDEs
301
With the exception of BDE-126, all measured PBDE congeners were detected at various levels 302 . A summary of the data is presented in Table 3 .1 which provides 303 descriptive statistics for each of the major fish species for the sum of all measured PBDEs (17 304 congeners), as well as the sum of the ten PBDEs (EU10) specified for EU monitoring (European 
PCNs
323
PCNs were measured in a sub-set of 75 samples representing seven species (Table 3. 2). The data generated by this study provides a number of different aspects for investigation. Given 407 that edible species were measured, a major consideration was food safety and the trend in 408 contaminant concentrations from previous studies. As some of the species included had not 409 previously been tested and some emerging contaminants had not previously been measured, 
